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The eggs of the brackish-water polychaete, Tylorrhynchus heterochaetus, 
which are previously exposed to pronase solution, undergo rapidly perivitelline 
space formation after transference to seawater which is hypertonic for unfertilized 
eggs. The perivitelline space formation does not result from the elevation of 
the egg envelope (chorion), but from the shrinkage of the egg cell. When the 
pronase-pretreated eggs are inseminated immediately after transference to 
ordinary seawater, fertilization tends to be repressed. In nearly isotonic 
medium (30% seawater), however, the pronase-pretreated eggs are fertilized 
without perivitelline space formation and begin to develop. These fertilized 
eggs form the perivitelline space when they are transferred to ordinary seawater. 
The unfertilized eggs, which have formed the perivitelline space in ordinary 
seawater after pronase-exposure, are still fertilizable. These findings suggest 
that the repressed fertilizability of pronase-pretreated eggs in ordinary seawater 
is not attributed to the removal of a surface factor and to the presence of the 
perivitelline space, but to the exclusion of spermatozoa by a substance released 
from the egg during the perivitelline space formation. 
In sea urchins the vitelline coat of unfertilized eggs contains a sperm-binding 
substance (proteins or glycoproteins) and the sperm-vitelline coat binding is 
considered to be a primary event for fertilization (AKETA, 1967; AKETA eta!., 1977; 
GLARE and VACQUIER, 1978; ScHMELL et a!., 1977; VACQUIER and MoY, 1978). 
The unfertilized egg of the polychaete, Tylorrhynchus het&rochaetus, is coated by a 
thick egg envelope, the chorion. After insemination numerous spermatozoa adhere 
to the envelope (OSANAI, 1976). If the Tylorrhynchus egg contains a proteinous 
surface factor which is required for sperm-binding and sperm-reception, 
fertilization is expected to be reduced after exposing of eggs to proteases. 
When Tylorrhynchus eggs were inseminated after the exposure to seawater 
containing pronase P, they were not fertilized. Prior to insemination the eggs 
had completed perivitelline space formation in pronase seawater (OSANAI, 1976). 
In isotonic medium (30% seawater) containing pronase the eggs did not form the 
perivitelline space. When those eggs were inseminated immediately after the 
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transference to ordinary seawater , they formed rapidly a perivitelline space 
and their fertilizability was remarkably reduced. Possible explanations for the 
fertilizability reduction are as follows : (l) the removal of an egg-surface factor 
required for sperm reception, (2) mechanical separation of spermatozoa from egg-
cell surface as a result of perivitelline space formation, and (3) exclusion of 
spermatozoa by a substance which iF> released from eggs after fertilization or 
parthenogenetic activation. The present experiment is conducted to ascertain 
which cause is probable. 
MATERIALS AND METHODS 
The J apanese Palolo, Tylorrhynchus heterochaetus (Qu ATREFAGEs ), was col-
lected at Natori, lVIiyagi Prefecture. The swarming worms placed in 30% seawater 
were stocked in a refrigerator (0- 4°C). Gametes were discharged from the body 
cavity by cutting the body ·wall. Unfertilized eggs were preserved in 30% sea-
water, which was nearly isotonic to the eggs, and sperms in ordinary seawater. 
Pronase P , commercial pro t eases (Kaken Chemical Co.) , was dissolved in 
30% seawater. The eggs exposed to pronase were washed several times with 30% 
seawater and then placed in 30% seawater or ordinary seawater, in which they 
were inseminated (final sperm concentration 5 X 10-4). The pronase-treated eggs 
formed rapidly the perivitelline space after transference to ordinary seawater with 
or without insemination. 
Tylor-rhynchus eggs develop often abnormally . The abnormality can be 
removed with periodate (Os ANAI, 1967). To remove abnormalities and to ac-
celerate cleavage some inseminated eggs were incubated in seawater containing 
5 X 10-5M sodium periodate. Ooplasmic segregation, cleavage or embryogenesis 
was used as the criterion of fertilization. 
EXPERIMENTS AND RESULTS 
Perivitelline space Jotmcttion in pmnase-t1·eated eggs 
Unfertilized eggs were exposed to 30% seawater containing 5 mgfml of 
pronase for 10 minutes, and then transferred to ordinary seawater or to 30% 
seawater. A perivitelline space appeared rapidly in ordinary seawater, but was 
not formed in 30% seawater. The perivitelline space formation seems to be 
attributed not to a direct effect of pronase, but to the hypertonicity of surround-
ing medium. 
Unfertilized eggs placed in 30% seawater swelled to semi-transparent spheroids. 
In the perivitelline space-possessing eggs placed in ordinary seawater after 
pronase treatment the ooplasm condensed into an opaque mass. Normally 
fertilized eggs in ordinary seawater formed slowly a perivitelline space and became 
opaque. These figures suggest t hat the perivitelline space formation does not 
result from t he elevation of the fert ilization envelope, but from the shrinkage of 
FERTILIZATION OF JAPANESE PALOLO EGGS 31 
the ooplasmic mass. To ascertain whether the egg shrinkage caused perivitelline 
space formation, egg size was measured before and after perivitelline space 
formation. 
Unfertilized eggs were exposed to pronase solution (5 mgfml in 30% seawater) 
for 10 minutes. One part of them was transferred to 30% seawater and the 
other into ordinary seawater. The egg envelopes coated tightly the swollen cells 
in the former eggs, while the envelopes separated apparently from the cells in the 
Fig. l. Pronase-treated eggs with or without perivitelline space. The eggs were exposed 
to pronase (5 mgfml in 30% seawater) for 10 minutes and then t ransferred to 30% 
seawater (a) or ordinary seawater (b). One hour after t ra.mference. X 172. 
Table 1. 
Diameters of Tylon·hynchus eggs before and after perivitelline space formation 
Numbers Diameter (ftm) 
of eggs Range I 
Average±S.D.* 
Pronase-treated eggs 
Egg coated with envelope 22 151-160 153. 7± 2. 3 in 30% seawater 
in ordina ry seawater Envelope 14 150-158 153. 4± 2. 5 
Egg cell 14 120-125 122. 5± 1. 4 
Unfertilized eggs 
Egg coated with envelope 34 142-152 149. 0± 2. 2 in 30% seawater 
Fert ilized eggs Envelope 34 147- 161 153. 0± 2. 9 
Egg cell 34 117-140 132. 7± 4. 5 
* S.D.: Standard deviation 
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latter. These eggs were photographed 1 hour after the transference. The unfer-
tilized eggs placed in 30% seawater and the normally fertilized eggs placed in 
ordinary seawater (second polar division stage, about 3 hours after insemination) 
were also photographed. The measurement was carried out on the photographs. 
The diameters of egg envelopes did not show significant difference between 
the unfertilized eggs and the perivitelline space-possessing eggs. The cell size of 
the latter, however, was smaller than that of the former (Table 1 ). These 
results show that the perivitelline space formation results from the shrinkage of the 
ooplasmic mass. 
Fertilizability of pronase-treated eggs 
Unfertilized eggs were exposed to weaker pronase solution (0:1-0.2 mgfml in 
30% seawater) for 5 or 10 minutes and then washed several times with 30% 
seawater. One part of them was inseminated immediately after transference to 
ordinary seawater. The perivitelline space was rapidly formed and the percentage 
of fertilized eggs was low. The other part was incubated in 30% seawater contain-
ing sperm for 10 minutes and then transferred to seawater (ordinary or periodate-
containing). The eggs were fertilized with high percentage and developed normally 
(Table 2). 
When the eggs were placed in 30% seawater after fertilization, they did not 
form the perivitelline space, but showed developmental changes, such as germinal 
vesicle breakdown, ooplasmic segregation and nuclear division. Cleavage furrow 
formation was often suppressed because of the pressure with the tight envelope. 
The fertilizability reduction of the protease-treated eggs in ordinary seawater 
was available to ascertain when an effective contact between spermatozoa and eggs 
was established. Unfertilized eggs were exposed to pronase (0.2 mgfml in 30% 
Table 2. 
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Fig. 2. Fertilization rate of pronase-treated eggs in 30% seawater. Eggs were exposed 
to 30% seawater containing 0.2 mgfml of pronase for 10 minutes and then inseminated 
in 30% seawater. At various intervals after insemination they were transferred to 
seawater (containing 5X I0- 5M NaiO.,). Fertilized eggs (developed embryos) were 
counted 19-21 hours after insemination. 
seawater) for 10 minutes and then inseminated in 30% seawater. At various in-
tervals after sperm addition they were transferred to seawater (containing 
periodate ). The percentages of fertilized eggs were 60-85 in the 1-minute trans-
ference and 85-100 in the 4-minute transference (Fig. 2). IT the fertilization block 
results from egg changes which begin after the transference to seawater, the 
effective sperm-egg contact seems to be established within 4 or 5 minutes after 
insemination. 
Fm·tilization in perivitelline space-possessing eggs 
One of conspicuous changes found in the pronase-treated eggs after the trans-
ference to ordinary seawater was the formation of the perivitelline spaee. To 
ascertain whether the perivitelline spaee formation caused fertilization-blocking, 
Table 3. 
Fertilization in pronase-treated eggs after perivitelline space formation 
Pronase treatment I Sperm I 
Concentration I Duration concentration 
Fertilization (%) Average 
0.1 mgfml 10 min 10-3 100 100 
0.1 10 1o-' 100 100 
0.1 15 10-' 96. 5 60.1 9.3 55.3 
0, 2 10 10-' 99.5 97.4 81.4 67.1 86.4 
0.25 10 10-3 97.5 88.0 48.7 8.7 2.0 49.0 
0.25 10 10-4 80,0 33.1 13.1 10.8 1.7 1.4 23.4 
.. 
Eggs were exposed to 30% seawater contammg pronase and then transferred 
to ordinary seawater. After 20-60 minutes the eggs which had completed ap-
parently perivitelline space formation were inseminated with diluted sperm. 
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the fertilizability of the perivitelline space-possessing eggs were examined. 
Unfertilized eggs were treated with pronase (0.1-0.25 mgfml in 30% seawater) 
for 10 or 15 minutes. Mter washing with 30% seawater the eggs were transferred 
to ordinary seawater, in which they were incubated for 20-60 minutes. The 
eggs, which had apparently a wide perivitelline space, were inseminated in fresh 
seawater. Considerable number.> of the eggs were fertilizable (Table 3). This 
result shows that the apparent perivitelline space is not an important factor for 
causing fertilizability reduction. 
DISCUSSION 
When Tylorrhynohus eggs were exposed to pronase and inseminated im-
mediately after the transference to seawater, their fertilization was remarkably 
inhibited. Three possible causes are considered to explain the fertilizability reduc-
tion: (1) an essential factor required for sperm reception is removed from the egg 
surface or envelope by the pronase-treatment, (2) spermatozoa are separated 
mechanically from egg cells by the perivitelline space, and (3) a substance 
released from egga excludes spermatozoa from the egg surface. 
The first possibility is denied with the fact that the pronase-treated eggs are 
highly fertilized in nearly isotonic medium. The eggs, which complete apparently 
the perivitelline space formation in seawater after the pronase-treatment, retain 
more or less fertilizability. The perivitelline space does not seem to prevent 
sperm-entry. 
The third possibility seems to be most probable. The eggs form the 
perivitelline space in seawater after the pronase-treatment. Spermatozoa can 
attach to the egg envelope of the perivitelline space-possessing eggs. Within a few 
minutes they begin to agglutinate with head to head and then are detached from 
the egg envelope (OSANAI, 1976). Tylorrhynohus eggs are not coated with jelly 
before fertilization. They secrete substances relating to jelly formation and 
envelope separation after fertilization or parthenogenetic activation (YAMAMOTO, 
1952; OsANAI 1967). The secreted substances liberate spermatozoa from the 
connection with the egg envelope (OSANAI, 1976). The pronase-pretreated eggs 
begin to release some substances after being placed in ordinary seawater. The 
substances may exclude spermatozoa from the egg surface prior to the establishment 
of an effective sperm-egg connection, resulting in repressed fertilization. The 
eggs incubated in seawater for a considerable period are fertilizable. · The recovery 
of fertilizability may be due to the fall of the secreting activity. 
Tylorrhynchus eggs differ markedly in perivitelline space formation from 
sea urchin eggs. The fertilization envelope elevates from the egg surface in the 
latter, while the perivitelline space is formed as a result of the shrinkage of the 
ooplasmic mass in the former. TAOKA (1956) measured diameters of Tylmvrhynohus 
eggs in 40-60% seawater before and after fertilization. The diameter on the 
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protoplasmic surface decreased markedly after fertilization, while the diameter on 
the vitelline membrane (the egg envelope) was roughly constant. His data 
suggest also that the egg cell (an ooplasmic mass) shrinks after fertilization. In 
isotonic media Tylorrhynohus eggs do not form the perivitelline space even after 
fertilization because they remain swollen. The perivitelline space formation is 
not a sure indicator of fertilization. 
It was understood that Tylorrhynohus eggs were non-fertilizable in isotonic 
media (KAGAWA, 1952; Os~NAI, 1966, 1978). The misunderstanding is considered 
to be due to using perivitelline space formation or trochophore formation as the 
criterion of fertilization. In isotonic media fertilization occurs without perivitelline 
space formation and cytoplasmic division is often repressed. Hypertonic condi-
tions are required for normal cleavage and later embryogenesis. In natural 
habitats the eggs are spawn in an environment of low salinity (in brackish water) 
and carried toward the sea of higher salinity (KAGAWA, 1952). 
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